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Previous studies on freckled skin showed that
the melanocytes of freckles differ in certain
respects from those of immediately adjacent
paler areas of epidermis (1, 2). In a freckle, there
are significantly fewer melanocytes per unit
area, they are larger and more dendritic in ap-
pearance, and they exhibit a more intense reac-
tion on incubation with "Dopa" or tyrosine
substrates. These observations led to the sug-
gestion that in epidermis of freckled individuals
there may be two types of melanocyte with
inherently different capacities for melanogenesis,
each of which is a member of a distinct and "true-
breeding" somatic cell lineage. Whether or not
this be the case, it is clearly of value to compare
the ultra-structural features of melanocytes from
epidermal areas of such widely differing degrees
of pigmentation occurring side by side in the same
individual. Recent combined biochemical and
electron microscopic studies on the biosynthesis
of melanin, and the sequence of development
of the melanin granule within the melanocyte
(3, 4) provide a sound basis for such a compari-
son.
There is one other respect in which the electron
microscopy of the melanocytes of freckles should
prove of interest. It has been reported (5) that
pigment granules in the melanocytes of red hair
differ morphologically from those in dark hair,
and in the surface epidermis of dark-skinned
individuals. This difference is thought to be
partly responsible for, or at any rate, associated
with, the difference in color. Freckling and red
hair are traits which appear to be closely linked,
and the color of freckles is very similar to that
of red hair. Accordingly it is of interest to deter-
mine if the morphology of the pigment granules
is identical in the two instances.
MATERIALS AND METHODS
Thin slices of skin with freckles, and of adjacent
paler skin, were removed by scalpel, divided into
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small pieces, and fixed for two hours in buffered
osmium tetroxide at 4°C. Dehydration in 70%,
90% and absolute Ethanols was followed by em-
bedding in Araldite according to the schedule
given by Glauert (6). Thin sections were cut on
Huxley or Porter-Blum ultra-microtomes and
examined in a Siemens Elmiskop-1 electron
inicroscope.f Sections were stained on the grid
by lead hydroxide (7).
RESULTS
Melanocytes of Freckles
These exhibit all the general ultra-structural
features of basal melanocytes which are suffi-
ciently well known (8, 9) not to require further
detailed description. As may be seen from the
micrographs (Figs. 1 and 2) the cytoplasm
shows evidence of pronounced melanogenic ac-
tivity. Formative vesicles, pre-melanosomes,
melanosomes, and fully melanized granules are
present in abundance. The great majority of these
granules have the elongated rod-like shape char-
acteristic of pigment granules in nielanocytes of
dark hair, and of the general epidermis of dark-
skinned individuals. Their dimensions are also
similar to those found in the latter situation;
they measure 0.37 ji or less in length, and the
transverse diameter is, on average, 0.15 ji. The
melanosomes exhibit a characteristic 90 A
striation when sectioned in the appropriate
plane, and transverse sections show the internal
structure commonly described. An occasional
pre-melanosome however is seen which exhibits
the finely granular internal structure of these
organelles in melanocytes of red hair (Fig. 2).
Melanocytes of Adjacent Paler Epidermis
These differ markedly from the melanocytes
of freckles (Figs. 3 and 4). The cytoplasm has a
peculiarly "empty" appearance, and there is an
almost complete absence of the small cytoplasmic
vesicles abundantly present in the latter, and
which are thought to be the precursors of pre-
melanosomes. Filamentous structures known to
occur in melanocytes are particularly evident,
especially in the perinuclear area (Fig. 3).
t The electron microscope used was donated
by the Wellcome Trust, and ancillary equpment
was provided through a grant from the Dowager
Countess Eleanor Peel Trust Fund.
FIG. 1. Melanocyte of a freckle X 36,000. In the cytoplasm numerous formative vesicles (v), pre-
melanosomes (p), and melanosomes in various stages of melanization (m) can be seen. n, nucleus. In8et:
melanosorne showing characteristic 90 A striation. X 133,000.
FIG. 2. Melanocyte of a freckle X 36,000. Melanin granules (g) and melanosornes (rn) of characteristic
rod-like shape cut in various planes are present in the cytoplasm. The round granule, x, is similar to
granules seen in melanocytes of red hair. k, keratinocyte; n, nucleus; p1., plasma membrane of melano-
cyte.
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FIG. 3. Melanocyte from pale epidermis of a freckled subject, to show general features of the cyto-
plasm. )< 26,000. Note filamentous structures (f), and round granules (p), which are presumably pre-
melanosomes. k, keratinocyte; n, nucleus. p1., plasma membrane.
Melanosomes and melanin granules of char-
acteristic elongated appearance are not found in
these melanocytes. Rounded granules, however,
do occur in small numbers (Figs. 3 and 4). They
are limited by a fine, often ill-defined, osmiophilic
membrane and are 0.25 M or less in diameter.
The majority have a finely granular internal
structure, but an occasional one may be seen to
be composed of somewhat coarser sub-particles.
Some of these latter show evidence of what ap-
pears to be incipient melanization. Granules of
similar size and appearance are sparsely dis-
tributed within neighbouring keratinocytes, and
some of these are more heavily melanized (Fig.
5). It seems reasonable to conclude that the
granules are in fact melanosomes or premelano-
somes.
They are similar in size and shape to melano-
somes found in melanocytes of red hair, and their
internal structure is also similar (5). They closely
resemble granules seen in human intradermal
nevus cells (10, 11), in human malignant melano-
cytes (12), and in melanocytes of carcinogen-
induced tumours in the white Syrian hamster
(13). All of these latter granules are thought to
be either variant or abnormal types of melano-
somes.
DISCUSSION
The essential ultra-structural differences be-
tween the melanocytes of freckles and adjacent
paler epidermis lie in the chaiacter, abundance,
and degree of melanization of their respective
melanosomes. Freckle melanocytes produce large
numbers of fully melanized granules which,
perhaps surprisingly, are essentially similar in
character to those of dark-skinned individuals.
Melanocytes of paler epidermis, by contrast,
produce markedly fewer, minimally melanized
granules of entirely different morphology and
resembling those of red hair. These differences
seem to be ones of "kind", rather than of "de-
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FIG. 4. Higher power view of portion of cytoplasm of cell illustrated in previous micrograph for com-
parison with Figs. 1 and 2. X 36,000. Note extremely few formative vesicles, total absence of rod-shaped
granules, and relatively few round pre-melanosomes (p) of varying size. The granule (rn), appears to
be partially melanized. f, filaments. Inset: a pre-melanosome at higher power to show granular internal
structure. X 92,000.
gree", in the sense that the relatively greater
melanogenic activity of the melanocytes of
freckles is not due merely to an increased rate and
volume of production of granules identical to
those of adjacent "paler" inelanocytes. Any at-
tempt to explain the phenomena of freckling
must take account of this qualitative difference
between the two.
Studies on the genetic control of coat-color
in experimental animals (14) have established
that specific genes can influence melanocyte
morphology, and the shape, basic protein struc-
ture, and degree of melanization of the melano-
some. If one compares the melanocytes of dark-
skinned subjects with those of the pale epidermis
of frecklers, it becomes evident that it is pre-
cisely in respect of such features that they dif-
fer. One might reasonably conclude therefore,
by analogy, that the differences are due to
differences in the genetic make-up of the two
types of individual. In freckled subjects, melano-
cyte differences of similar character are de-
monstrable in the epidermis of the same indi-
vidual. Were freckles present from birth, this
could be attributed to a genetic effect similar
to that manifested by albinism. However,
freckles only begin to develop after the age of
three or four. Some years ago Fitzpatrick (15)
suggested that freckling might be due to somatic
mutation of melanocytes induced by ultra-
violet irradiation, but one was not inclined to
favor the view at the time. However, the nature
of the qualitative difference between the two
types of melanocyte as demonstrated here, taken
in conjunction with the difference in size be-
tween them, makes this now seem a not unlikely
explanation.
One might suggest therefore that potential
frecklers are born with melanocytes all of which
are of the "pale" variety. After three or four
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the further suggcstioH that, due to genetic fac-
tors, the melanocytes of potential frecklers at
birth are capable only of forming this relatively
undifferentiated type of melanosome. Whether
or not as postulated, somatic mutation of such
melanocytes could lead to their acquiring the
ability to produce a more differentiated arid
fully mnelanized melanosome is debatable. In
this context, electron microscopy of fetal melano-
blasts and melanocytes should prove of value.
SUMMARY
Melanosomnes produced by the mnelanoeytes
of freckles differ iii size, shape, and degree of
melanization from those found in mnelanocytes
of adjacent paler epidermis. This supports a
previous suggestion that there is a qualitative
difference between these two cells. The possi-
bility that this may arise through a somatic
mutation is considered.
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